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Dzlst stotms.-In the Middle West, about t.he middle ol 
the period in question, dust storms were reported from 
many stations, and by noting tlie dates upon which clust, 
was obsemed a fair idea of its progress can be obtained. 
The Signal Corps meteorological st.at.ion at Fort, Sill, 
Okla., reports that on the niorning of the 13t,li, wit.11 a. 
surface wincl of 5.4 meters per second from the southeast, 
and a wind of 17.9 meters per second froni t,he soutli- 
west at a.n altitude of 700 meters above t.lie station? t.he 
dust began to fill the air. Tlie barometer was falling 
rapidly. This condition continued until. about 2:30 p. 
m., at  which t.inie the air was filled pr-it,li dust, nncl tlw 
the sky was obscured. The moon that night was sern 
through a very heavy layer of dust,. The station atr 
Kell Field (San Antonio), Tes., re orted: “A sn-cw 
win1 and dust storm a roached tfis field from tlict 
west about 3:15 p. m. !#e estreme ve1ocit.y nieasurrd 
a.t this station on the surface was 13.4 met.ers per second 
at  3 2 0  p. m. No rain fell in t,he impiediste ricinit.y, 
dthough it was observed raining 3 or 4 niiles to t l i ~  north- 
west at  3:07 p. m.” Other stations re oXng the phe- 
nomenon were Gerstner Field (Iiake C P iarles‘), La., and 
Payne Field (West Point), Miss. The report froni t,lie 
former sta.tion on the 13th says: “A light haze bccame 
visible about i a. ni. It wns rat.her high, hut. rnclually 
becanie lower and thickened. By 11 a,. m. it ha 3 reacllcd 
the surfa.ce. About 2 p. m. it became heavy and the 
dust particles were larger. They began to set.t.le on 
objects where the air was quict, and they irritat.ed t,lw 
nasal passages. About 4 p. ni. t,he wind rbangcd froiii 
WSW., where it bad been niost of tlie morning and cnrlj- 
afternoon, to W. and WNW. Tlie haze was dissipated 
rapidly and had disappeared by 4:30 p. m. At n i d ~ t ,  a 
large diffused light area around the moon showea tlle 

The 
ratter station, Payne Field, noted a ‘(dry fog“ or hazc 
on the 13th. The sun was -risible through it:, hut it is 
described as “silver w-hit,e.” 

At various stations in Iowa and Illinois the duet, was 
observed. At Alexander. Ill., the dust was accompanied 
by rain, causing the precipitaticin of wli.at. was dcwribecl 

resence‘of an unusual aniount of dust in t,he air.” 

as “red mud.” This occurred on the morning of the 
13th. At Des Moines and at St. Charles, Iowa, samples 
of the dust were collected and were subjected to examma- 
tion by Jac ues W. Redway, of Maunt Vernon, N. Y. 

* * * The mentis1 art of the content consists of rounded grains 
of white quartz sand. ancfreddish. jaa erv quartz sand. A few par- 
ticles of crystalline fragments resemhFin’ calcite are in evidence. 
* * * It is difficult to account for the sp%erulea of iron. Thev were 
not noticeable at first. but the pole of a magnet collected a considerable 
nunilier of them. Meteoric iron has not heen much in evidence in 
atmoepherir dust eince 1914: moreover, the qherules in the Des 
Moines specimen are materially different from any hitherto collected 
at  this lal~omtoq-. In color and appearance they much resemble 
emery-wheel dust. Similar spherulea are sometimes blown out of 
Fmelter stacks when a strong Mast is employed. According to hlr. 
Reed (Weather Bureau official at  Des Moines), there are no smeltera 
in the vicinity of D ~ R  Moines. Mr. Reed also noticed that eome of the 
dust clung to the ironwork of his instrument supports. 

A later letter from Mr. Reed stated that while there 
are no snieltrrs in that vicinity there are several small 
foundries, one of which is four or five blocks southwest 
of the station. It is possible that. the iron particles may 
hare come from that source. 

It, semis probable that this dust may have been picked 
up by the high winds in tlie southwest, carried eastward 
ancl spread through the atmosphere in tlie rear and 
soutlicrn portions of the storm.5 

Concerning t ? ie Des Moinrs specimen he says: 

CONCLUSION. 

This study again brin to our attention the absolute 

study weathey without a knowledge of what is going on 
in the third dimension. This paper has pointed out how 
cui-renb aerological data can be put, to good use in fore- 
casting preri itation; but the greatest good can not be 

logical stations in  the Lhited States. These up er-air 

stations is certain to lead to an ever increasing return 
upon the investment. 

necessity for aerological r ata. One can not be content to 

rralizccl unt’i f there esists an adequate nuniber of aero- 

data are indispensnble and the rstablishlnent o P more 

. 
~\\‘inchell,A.N..and h2iller.E. R.: Thedustfallsofbfarch, 1918. MONTHLY WRITHE~ 

REVIEW, November. 1918,46:W-506. 

ECONOMIC RESULTS OF DEFICIENT PRECIPITATION I N  CALIFORNIA. 
By .4~uri~rn 3. PALMER? Meteorologist. 

[Weather Bureau, Sm Francisco, Calif., Octoher, 1910.1 

SYNOPSIS. 

Because of markedly deficient precipitation in northern and central 
California during the ast four rainy seasons serious loss resulted dur- 
ing the dry season of 1920. Streams reached the lowest stages on 
record. The Sacramento River at Sacramento fell below mean aea 
level, and the current of the stream waa reversed in direction. The 
aaline waters of 8an Francisco Bay encroached upon rich agricultural 
lands of the delta region, reducing the vegetable cro s, drove the dairy 
induatrv to other regions, and threatened irreparab3e damage to nllu- 
vial eoib through the infiltration of salt water through seepage. For 
domestic use fresh water had to be transported on barges across the 
bay. The teredo, or “ship worm.” a minute salt-water organism. did 
great damage to wooden structures. In the interior valleys the water 

roblem has passed from one of toa much water to one of too little. 
&he average yield per acre of many cro s waa reduced in 1920 because 
of deficient moisture. Rice growers fek the drought keenly, hecnuse 
of the large water requirements of rice. Litigation over water righta 
has enaued, and adhtional legislation is apparently needed to meet 
new conditions. Hydroelectric power shortage resulted in power 
restrictions and higher rates for electricity, thus raising the cost of 
living. Wells went dry because of the lowered level of ground water. 
Forest fires were more frequent and destructive than in past years. 
owing to the parched condition of the forests. Partial relief from the 
drought came aa a result of copidus showem in OctQber, 1920. Thrh 
storap and utilization of freah water is one of the moat iplportpnt 
prob.eps confronting California today. 

INTRODUCTION. 

Comparatively few eo le residing in the centrrll and 
ortions of t1e %nited States appreciate the 

regions. In the West and Southwest, and particularly 
in California., water is wea.lth, and irrigation water is 
apt1 termed “the lifeblood of the State.” Since suc- 
c e s s h  agriculture requires a minimum of I5 to 20 inches 
of water n yea.r, vnst re ions in the West, where the annual 

depenclent upbn artific.ia.1 irrigation. Most of these irri- 
ation systems receive their supplies from the relatively 

fenvy precipitation of the mountain re ions, and the 

or from natural or artificial reservoirs. I n  designing 
such systems due allowance is made for abnormal1 heavy 

precipitation recurs for three or four consecutive yeam 
the inevitalde water shortage br inp economic results 
which cause R community to recognize the necessity of 
n.n adequate water supply, 

value o P the generous precipitation received in those 

precipitation is normal f 7 be1o.w those amounts. are largely 

water is contlucted through artificial cana f s from streams 

or deficient precipitation. But when abnormal 9 y light 
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Northern and central California have received deficient 
precipitation during the past four rainy seasons. Dis- 
aster seemed to threaten when the season 1919-20 start- 
ed out to be the driest on record. In  February, 1920, 
the public utility commission of the State of California 
organized a “ water-conservation conference,” com oged 

the water problem: At meetings of the conference the 
problem was discussed in detail, the public was warned 
of the impending shortage, and everv effort was made to 
conserve water. Fortunately March and April brought 
abundant reci itation, but -an insufficient .amount to 
make up &e Aficit. Mr. Paul Bailey, civil engineer, 
wm appointed watermaster by the conference, and he 
went m e d i a t e l y  to the Sacramento Valley to urge 
water conservation. He remained there the greater art 
of the summer, carrying out measures tending towar! an 
equable distribution of the limited water available. As 
the growing period of-the season of 1920 is now over, and 
the earl .  autumn rains of the season of 1920-21 have 
begun, it is believed. that a brief resume of the results 
of the deficient precipitption will-be of interest from a 
scientific and an ecoqomc standpomt, as well as from the 
viewpoint of the enpeer .  

of the various national and State agencies concerne a wit% 

STREAMS REACH RECORD, LOW STAQER. 

During the summer of 1920 nearly a11 streams in north- 
ern and central California reached the lowest stages on 

inland from the Golden Gate, the river fell to a point 
more than a foot below mean sea level on August 24, and 
remained at about that sta e for five consecutive days. 

the Sacramento River on August 3 fell to a point 0.5 foot 
below mean sea level, the lowest st e on record. 

Physiographicallv San Francisco%ay is a drowned or 
subme ed valley, being the lower reaches of the Sacra- 

me ed during geoloalcdly recent times, and there is 
evi ence that the sur6sidence is still in pro ress. The 
water of the bay is saline, and under norma conditions 
the water of the two lar e streams which flow into it 

during the summer of 1920 the flow in the lower portions 
was actually reversed at times, and the salt water ffoyed 
inland, encroaching upon nch agricultural lands which 
in the ast had been irri ated by seepage and the pump- 

For many years this favored delta region has been termed 
“ San Francisco’s bread basket,” for every year there 
were grown in this region 20,000 carloads .of potato.es, 
celery, tomatoes, asparaps, and-various deciduous fruits. 
Moreover, it is a rich dairy re ion, as the summer fo 

in past years flood was the sin le source of fear, in 1930 

threatened irreparable harm through the infiltration of 
salt in the rich alluvium. The acreage of vegetable crgps 
was reduced in anticipation of the water shortage. 
Dairymen moved their cattle to more attractive reglons. 
As the summer progressed the saline water niovecl 

farther and farther sp the nver. At the sugar rehery  
of the California-Hawaiian Sugar and Refining Co., a t  
Crockett, where 400,000 tons of cane sugar are nianu- 
factured annually, it was found necessary to transport 
fresh water by barge across the bay in order to continue 

1 Bee M O ~ Y  WEATHEB REVIEW, March, 1920,M: 156-157. 

record, and some of the smaller streams dried 
At Rio Vista, on the Sacramento River, 

At Sacramento, 90 miles i 3 and from the Golden Gate, 

mento- 3 an Joaquin River. The region has been sub- 

is fresh. But because of t 5 e low stages of these streams 

ing of P resh water from t fl e natural flow of these streams. 

keep the pastures green tliroug B lout the summer. Whiffe 

the curse of salt water marked P y reduced the crops, and 

k r 

operations. Subsequent1 the saline water reached 
Antioch, still farther in and, and pi es and boil- in 
homes and factories were eroded and ater fell to pieces. 
At a $2,500,000 pa er-board mill situated near Antioch, 
and which require~1,500,000 gallons of fresh water per 
day for operation, barges for carryin fresh water were 

shutdown. It 
cost the t o m  of Antioch $15,000 a month for domestic 

ly. Residents were placed on a water ration 
of water five s3f g ons per day per family. 

P 7 

also put into use to prevent a compete K 

THE “SHIP WORM” ACTIVE. 

The encroachm.ent of saline water into regions previ- 
ously unaffected introduced a destructive force of great 
economic consequence. This. is the teredo, a minute, 
marine organism, popularly known as the “ship worm,” 
which survives only in water having a salt content 
between 0.5 and 4 per cent. (Water in the North Pacific 
Ocean is 3 to 4 per cent salt.) This organism burrows 
into wood which is in contact with the salt water in 
which it lives, and eventually the “honeycombed” 
wood structure is so weakened that it collapses. The 
spread of the teredo through the encroachment of the 
saline water of San Francisco Bay did greet damage to 
wooden structures. On September 25, 1920, a wooden 
wharf a t  Port Costa, 1,000 feet long and valued at $5,000, 
collapsed as a result of teredo operations, and there were 
precipitated into the bay $10,000 bags of freshly hur- 
vested barley, valued a t  $25,000. Other wharves in the 
vicinity were subsequently abandoned. The Southern 
Pacific ferry, which transports railroad trains‘across the 
stream a t  this point, had to b‘e dry-docked, and the 
wooden bottom was replaced with a new copper-covered 
bottom. 

It is conservatively estimated that .  the teredo did 
damage esceeding $1,000,000 in amount in the San 
Francisco Bay region during the summer of 1920. In  
order to prevent further loss, property owners on the 
water front subscribed $25 000 to secure the services of 
esperts to study the pro’blem and to recommend mea- 
sures of combahg further de redations of this organ- 

tory, of Madison, Wis.; of the University of California, 
of Berkeley, and of the Wood Preservation Association, 
of San Francisco, are a t  present engaged in thisresearch. 

ism. Representatives of the $ orest Products Labora- 

DROUGHT EFFECT I d  THE INTERIOR VALLESS. 

Outside the bay and delta regions the economic losses 
resulting from the deficient precipitation were not less 
apparent. The SacramentoSan Joa uin Valley is a 

ture, the cro s consisting principally of grain,%$:: 
and fruit. &e Sail Joaquin Valley has become the’ 
richest raisin and grape producing r on in North 

Sacramento Valley has become a valuable ricegrowing 
district. 

For more than a quarter of a century a icultural, 

the mnsimum use of the Sacramento Valley’s water and 
to minimize damages. done by it. The flood menace 
conipellecl first attention. In 1894 C. E. Grunsky and 
Marsden Mtlnsoii urged flood control by: (1) Rectifica- 
tion of channels; (2) overflow weirs a t  certain points; 
and (3) leveed by-passes to carry the overflow. This 
ropositioii has been carried out to a large estent by the 

!hate reclamation board. However, this plan had no 

fertile region, the seat of northern Ca P ifornia’s 

America. During recent years the floo T plain of the 

irrigation, engineering, .and olitical leaders f ave urged 
that some comprehensive sc R eme be carried out to get 



588 MONTHLY WEATHER REVIEW. OCTOBER, 

relation to irrigation or power; and the problem has 
lately passed from one of too much water to one of too 
little. 

The scope and nature of the work which niav he done 
to increase the low-water flow was recently indicii ted by 
Fred H. Tibbetts, representing the Associntion of 
Northern California Irri ation Districts, who advocat.ed: 

other watersheds, such as the Klamath River: (2:) 
storage of flood waters now running to waste during wint.er 
and s ring.; (3) prevention of advance of salt (niter 

sn.ry to insure fresh water in the delta; (4) cmnliz t,’ 
of the Sacramento River b? a Qystem of locks to decrease 
the flow iiecessnrv for iiavi &ion. 

States Depa.rtment of Agriculture and the University 
of California, proposed at  a meetjing of the Sacmniento 
Valley Department Associa tion that the entire valley 
be organized by the State legislature into a single St.at.e 
conservation and flood-control district, merging flood 
control, reclanmtion, drainnge, and irrigation into a 
single, unified projects. 

I n  hnrmony with tha,t suggestion, thfre WIS lnunched 
in September, 1920, a ro’ect the engmeerin fentures 

States Geologica.1 Survey, whereby through the con- 
struction of one gigmitic stora e mid irriga.tion project, 

of land. The Marshall plan xoposes the stora.ge of 

reservoirs sufficient to gecl.aim al l  the irrigahle lands in 
the Sacramento, San Joaquin, and other a.djacent valleys, 
and the distribution of these wa4ers through IE system 
of canals. It is estimated tha.t the project ~vould cost, 
between $600,000,000 and ~700,000,000 a.ncl woll~d a.rlil 
billions of dolIars to the wealth of the Sttite. As nn 
indica.tion of the certain success of the project,, it, is ointed 
out that the crops from the Roosevelt project, in Xrizona 
during 1919 alone were of value tyice greater t,ha.n the 
entire initial cqst of the eiigineering worlis con.nccted 
therewith. Cdifornia ca.n support :I, populiit~on. of 
30,000,000 people with the proper storing and il~strlhu- 
tion of water. 

Because of generous rains during March and April, 
1920, the agricultural interests of northern Cdifoi-nin 
did not esperience the disaster which threatened earlier. 
However, the eld per acre of nearly all crops wa.s below 

20,000 tons less than that of 1919. The hay crop ww 
everywhere short, pastures dried up ea,rlier than usud, 
and in regions where alfalfa is grown without irrigat,ion 
the’water table dropped so low that the crop wns nia.rk- 
edly deficient in quantit.y and in quality.’ As orchards 
were given preference in the distribution of irriga.tion 
water, the fruit crop was large. In fact, because of in- 
creased acreage of bearing orchards the shi ments in 

a total of 26,504 carloads of deciduous fruit were shipped 
from the State, compared with 23,249 carloads during 
the same period in the previous year. 

WATER SHORTAGE AND RICE GROWING. 

From an agricultural viewpoint, the lice growers were 
affected more by the water shortage than any other 
single group. Rice growing is a new industry in Cali- 
fornia, the first experimenh on a commercial scale 
having been inaugurated in 1914. The rich alluvial 
flood p l a  of the Sacravento River has been found to be 

(1) Diversion into the 8 acra.mento River of wa.ter from 

from t R e hay, thus rendering usable the flow now nec.es- 

In  February, 1920, Prof. % rank AdRms, of the Uni td  

a 1011 

of which were designedtyk.  B. Marshnll, of t K le United 

there would be reclaimed an a c  f dit.iona1 12,000,000 acres 

enough water in the Sierra d A evada Mountains to fill 

normal. In t P e San Joaquin Valley the ra.isin crop was 

1920 were larger than those of 1919. Up to 8 ctober 12 

well adapted for rice growing, and the weather of the 
region is ideal. The owing of rice has been the means 

several hundreds of dollars per acre. The rice crop of 
1920 is valued at  $62,000,000. 

The old crops of t.he Sacramento Va,llei-grain, alfalfa, 
mcl fruit-use each se,ason about. 18 inc.hes of water, 
enough to cover tslie soil to that, dept,h is all applied at  
once. Rice, on the other hand, requres 60 to 120 inches 
of water instead of 18 inches. Moreover, it is est.imat,ed 
that 40 inches of water evaporate off of a rice field during 
the hot, dry summer. The fields are flooded artificially 
during the growing season and drti.ined just hefore har- 
vest. Abundant, water is needed each summer until 
&out September 15. 

In anticipat,ion of the impending water shortage the 
rice growers voluntarily reduced by 50,000 acres the area 
devoted to rice in 1920 as compared with that used in 
1919. The watermaster appointzed by the conference 
devoted practically d l  of his efforts to conserve and to 
reduce the wa.t,er demands of the rice growers. President 
Williani Durbrow, of the Glen-Colusa Irrigation District,, 
stat,ed in the Pacific Rural Press of August 28, 1930, that 
“the Sacra,mento River has been practically pumped 
dry.” 

The leadowners in tbe delta re ion and the commercial 
interest.s’ of the San Friincisco #a,y region united forces 
in the spring of 1920 and sought an injunction in the 
courts of law for the purpose of restmining the rice 
vowers of the Sacramento Valley from takina water 
%om the Sacraniento River. They rea.soned &at t-he 
damages they had sustained and were about to sustain 
were due t,o t,he encroachment of saline w-ater of the bay 
because of the decreased flow of fresh wat,er of the Sac- 
ramento River, and that this diminished flow was due 
to t.he escessive pumping of water for rice irrigation 
upst.renm. The rice growers contended that the de- 
creased flow wn.s t.he natural result of the deficient pre- 
cipitiltion of the past four .rainy seasons. wliich hsd de- 
pleted t.he mount.ain reservoirs nnd lowered the ground 
wat,er level to a.bnornially low stands. Suit was brou ht. 
in t.he name of the town of Antioch, which contends t B iat 
ibs domestic water supply is ruined. The crse involved 
$63,000,000, the value of the rice crop, the lnrptst nmocnt 
ever involred in litigation iq the St,ate of C.1-liforilin. 

As is usual in law cases, t,lie suit, filed last spring has  
been long delayed in settlement.. and the case is still 
before the courts, though the rice crop is now being 
harvest,ed. However, much depends upon the outcome 
of the case, as i t  is believed that this is a forerunner of a 
more iniportant suit which will take years to decide and 
which will involve many questions. It is sufficient t.0 
say that, the problem of water rights is a comples one in 

LTnfortunately, the law is not clea.r, and 
riparian and priority rights are so involvcd that a lay- 
man can not comprehend them. It appears that addi- 
tional legislation will be needed to clear up many doubt- 
ful points a t  issue.’ 

of tmnsforming wort !? less swamp land into land worth 

‘California. 

’ MISCELLANEOUS RESULTS OF WATER SHORTAGE. 

Hydroelectricity is the principal source of mechanical 
power in California. Tlm natural flow of streams is the 
ultimate source of power in the winhr and spring months 
and wat.er from storage reservoirs turns the wheels in the 
summer. Su plementary steam lnnts burning fuel oil 

elect,ricity is unavailable. 
Because t.he natural flow of streyns was abnormally 

low a.nd tbe stored water was deficlenb, resort to steam 

a.re used in t fe  autumn and a t  ot, K er times when hydro- 
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plants for enerating electricity throughout central and 
northern 8 alifornia was general during 1920. Because 
of the high price of fuel oil, and the increased cost of 
transportation and higher labor charges, the public 
utility commission granted the power companies permis- 
sion to raise rates on electricity 15 per cent. This served 
as an excuse for higher rents, and all residents thus felt 
another increase in the cost. of living, indirect,lg due to 
the deficient precipitation of last, winter. The skeet car 

*companies, the largest single users of electricity, adopted 
the skip-stop system to reduce consumption of ener y, 
and also took off man cars to reduce the demand 9 or 
power. Through m o r 3  suasion and a simple presenta- 
tion of the facts, the utility commission’s power admin- 
istrator succeeded in eliminatina all electric advertising 
si ns on five nights of the we&, and the unnecessary 
$L ing  of store windows’ and streets was recluced. In  
the mountain regions many mines using electric. power 
were compelled to shut down. Gold dredgers using 
electricity ceased to operate. 

I n  the Santa Clara Valley the well situation became 
serious in midsummpr, owing to the deplet.ion of under- 
ground waters. Emer ency measures were adopted bo 

the overlying orchards could be saved. 
At the United States Inimi nbioii Station on Angel 

went dry in midsummer, and fresh water had to be 
transported by barge from Marin County. 

Due to the deficient precipitation of the past four rainy 
seasons, the forests in the elevated regions of California 

preserve the levels of t a ese underground waters so t,liat 

Island, in San Francisco Bay, t Y ie only well on tlie island 

became very dry and suffered severe injury from fire 
during the summer. August, 1920, was erhaps the most 

far experienced. The situat.ion became so serious that 
billboard post,ers were displapd by the United States 
Forest Service, informing citizens of the situation and 
cautioiiin those going to the forests for recreation to be 

articular y careful in the use of fire. Es erienced fire- 
&liters were transport,ed by aeroplane to t e 1a.rger con- 
flagrations. Lightnin~ WBS a prolific source of fires in 
the parched forest,s t ronghout tlie ‘long dry summer. 
The “back fire” from an automobile truck passing near 
Pamdise, Butte Count.y, set! fire to a dry asture, and 
15,000 acres wcre burned over before the H rewas con- 
t.rolled. 

Relief mme as a. result of copious showers and cool 
wenther in 0ct.ober. Fruit trees were revived, tlie forest- 
fire hazard WRS reduced? and the hydroelec.tric. situation 
wa.s relieved to such an est,ent that all power restrictions 
were immediately removed. ’ Tlius ended a season in 
which more attention was pa.id to rainfall statistics than 
ever before in the history of California. It is no esa - 
eration to say that for the past year the official rainfa f 1 

f a t a  have occupied R place in public interest on a p!r 
wit.11 vital statistics, bank dearings, stock quotations, 
and market! reports. 

In  commentia on the situation, the San Francisco 
Chronicle in an e 3 itorial on August 13 stat,ed: 

Rain or shine. for the next decade the most important matter before 
our people will be the storage, so far as humanlv possible, of every 
drop of water which falls on the State, and its utilization for irrigation 
and the development of power. ’ 

disastrous month for forest fires which t R e State has thus 
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THE RELATION OF PROLONGED TROPICAL DROUGHTS TO SUN SPOTS. 
By Prof. W. H. PICKERING. 
[M3ndrdllc, Jamaim, Jnly 2, 1ezO.l 

SYNOFSS. 

A study of the collected rainfall data covering the Isst 50 years in the 
island of Jamaica has shown that there have been 12 droughtu, 9 of 
which have followed closely after a sun-spot maximum or minimum. 
It  appears that droughts occurring after the maxima show a greater 
deficiency of rainfall, and last lon r, than those occurring after the 
mmma. On the basis of sun-spot Eta a drought, predicted in  March, 
1919, to begin during 1919 or 19’20, actually began in June, 1919, and 
was continuing at the time of writing the paper. I t  is suggeated that 
the cause of the variations of rainfall nisy lie in the effect of changes in 
ocean temperatures on condeneation a d  evaporation in the Tropics, 
and the increased solar magnetic activity after sun-spot masima, 
although the reason for such a solar relation is not apparent. The 
effects of volcanic dust on radiation may also be a factor.--(;‘. L. M .  

The island of Jamaica is situated south of Cuba, in 
latitude e18O N. Its area is 4,200 square miles, or a trifle 
less than that of the State of Connecticut. The whole 
island is mountainous, culminatin in the east in Blue 
Mountain Peak, 7,360 feet in heig f t, but in the greater 
part of the island the elevations do not exceed 2,000 to 
3,000 feet. At the suggestion and under the superin- 
tendence of the late Maxwell Ha.11, the Government, in 

the rainfall data for the island, 
just been completed. 
gauges 5 inches in diameter with 

their tops elevated 1 foot above the ground. The ob- 
servers are Government officials, planters, and cattle- 
men. In  1870 there were 34 stations, one of them drtting 
back to 1862. Less than a dozen of these original sta- 
tions are still maintained, others taking their place. On 
January 1, 1920, there were 196 stations, or one for every 
22 square miles of territory, scattered as uniformly &s 
practicable over the island. At no station here consid- 
ered have the observations been continued for less than 
10 years. 

The rainfall is very unequal in different portions of the 
island. Tlius at  Moore Town near the entrance of a 
funnel-shaped valley at  the estrenie -eastern end of. the 
island, altitude GOO feet, where the trade winds impinge 
on the high mountains, the annual rainfall is 248 inches. 
On Blue Mountain Peak itself it  is 175. On the other 
hand, at  Bull Bay, S miles east of Kingston, and 20 miles 
from Moore Town, but on the other side of the moun- 
tains, it, is only 33. The island has therefore been divided 
into four nearly equal sections according to t,heir topo- 
gra hic features, and in Table 1 the rainfall is given for 

by dec.ades. The mean rainfall for the island for the 50 
years is 72.86 inches. It will be a t  once noticed that the 
means for the first two decades of this rainfall are very 
similar, and also the means for t,he last three, but that 
the two result8 differ from one another by about 10 
inches. By examining the deviations from the mean, 
we see that the increrwed precipitation of recent decades 
is recorded nminly in the two rainiest sections of the 
island, the northeastern and west central, but that the 
other sections also show an appreciable increase. There 
does not seem to be any evidence that the change is due 
to the abandonment of certain stations and the establish- 
ment of ot,hei-s, but rather to an actual increase in tshe 
rainfall over the whole island. 

In  Table 2, in the second column, is given the mean 
annual rainfall for successive years, and in the third these 
results are smoothed by the well-laown device of taking 
the mean of the first five results from the second column 
and enterin it on the third line. The mean of the second, 
third, four%, fifth, and sist,h resulb is entered on the 
fourth line, and so on. These results are plotted in 

e m  E of these sections and also for the island as a whole 


